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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams  for  Phase  I 
Investigations .  *~^eopi$s  of  these  guidelines  may  be  obtained  from  the 

Office  of  the  Chief  of  Washington,  &?e~ - The  purpose  of 

a  Phase  I  investigation  is  to  expeditiously  identify  those  dams  which  may 
pose  hazards  to  human  life  or  property .  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual  inspections. 
Detailed  investigations,  testing  and  detailed  computational  evaluations 
are  beyond  the  scope  of  a  Phase  I  investigation ;  however,  the 
investigation  is  intended  to  identify  the  need  for  more  detailed  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team .  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of  the 
dam,  removes  the  normal  load  on  the  structure  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected  under  the 
normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the  present 
condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dam  at 
some  point  in  the  future .  Only  through  frequent  inspections  can  unsafe 
conditions  be  detected,  and  only  through  continued  care  and  maintenance 
can  these  conditions  be  prevented  or  corrected . 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  spillway  design  flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff) , 
or  fractions  thereof .  The  spillway  design  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in  determining  the  need 
for  more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size 
of  the  dam,  its  general  condition  and  the  downstream  damage  potential . 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


Name  of  Dam: 

County  Located: 
State  Located: 
Stream: 

Coordinates: 

Date  of  Inspection: 


Green  Hills  Dam 
Berks  County 
Pennsylvania 
Allegheny  Creek 
Latitude  40°  15.7' 
Longitude  75°  54.4' 
November  28,  1979 


Green  Hills  Dam  is  a  privately  owned  dam  used  for 
recreational  purposes.  The  embankment  of  Green  Hills  Dam  is 
in  poor  condition,  and  the  spillway  structure  is  in  fair 
condition.  The  overall  rating  of  the  dam  is  considered  to  be 
poor. 


In  accordance  with  criteria  established  by  Federal 
(OCE)  Guidelines,  the  recommended  spillway  design  flood  for 
this  "Small"  size  dam  and  "High"  hazard  potential  classifi¬ 
cation  is  one-half  to  the  full  Probable  Maximum  Flood  (PMF). 
Because  of  the  small  estimated  capacity  of  the  reservoir  and 
the  scattered  development  along  the  creek,  the  selected 
spillway  design  flood  is  one-half  the  PMF. 

Hydrologic  and  hydraulic  calculations  indicate  that 
the  spillway  structure  is  capable  of  discharging  about  28 
percent  of  the  PMF  without  overtopping  the  dam  under  existing 
conditions.  If  the  crest  of  the  embankment  was  raised  to  the 
original  design  elevation,  the  dam  would  be  capable  of 
discharging  about  35  percent  of  the  PMF  without  overtopping. 
Although  one-half  the  PMF  is  estimated  to  cause  failure  of  the 
embankment  by  overtopping,  the  increase  in  downstream  hazard 
potential  is  not  considered  significant.  Therefore,  the 
structure  is  considered  to  have  an  "Inadequate"  but  not 
"Seriously  Inadequate"  spillway. 

It  is  recommended  that  the  following  measures  be 
undertaken  immediately.  All  work  should  be  performed  under 
the  supervision  of  a  registered  professional  engineer  experi¬ 
enced  in  the  design  and  construction  of  dams. 

1.  A  hydrologic/hydraulic  study  should  be  made  to 
determine  the  best  method  of  increasing  the  spillway 
capacity  to  meet  current  hydrologic/hydraulic  cri¬ 
teria. 

2.  All  trees  on  both  the  upstream  and  downstream  slopes 
of  the  embankment  should  be  removed.  However,  the 
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long-term  stability  of  the  slope  should  be  evaluated 
in  the  light  of  decaying  root  systems. 

3.  The  crest  elevation  should  be  increased  to  meet  the 
original  design  elevation. 

4.  The  left  spillway  retaining  wall  should  be  evaluated 
and  repaired. 

5.  The  controls  for  the  8  and  16  inch  conduits  should 
be  made  operational. 


6.  The  seepage  noted  downstream  of  the  embankment 
should  be  monitored  on  a  regular  basis.  Any 
significant  increase  in  seepage  amount  or  develop¬ 
ment  of  turbidity  should  be  evaluated  by  a  regis¬ 
tered  professional  engineer  experienced  in  the 
design  and  construction  of  dams. 


Because  of  the  location  of  the  dam  and  the  potential 
for  heavy  property  damage  and  possible  loss  of  life  in  the 
event  of  high  flows  or  failure,  a  formal  procedure  of 
observation  and  warning  during  periods  of  high  precipitation 
should  be  developed  and  implemented  for  this  facility.  This 
procedure  should  include  a  method  of  warning  downstream 
residents  that  high  flows  are  to  be  expected.  In  addition,  an 


operation  and  maintenance  procedure  should  also  be  developed 
to  insure  that  all  pe r t i a re  carefully  inspected  on 
a  regular  basis  and  mainlined  ;  best  possible  condition. 


OVERVIEW 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
GREEN  HILLS  DAM 
NATIONAL  ID  NO.  PA  00714 
DER  NO.  6-373 

SECTION  1 

PROJECT  INFORMATION 


1. 1  General. 

a.  Authority.  The  Dam  Inspection  Act,  Public  Law  92- 
367,  authorized  the  Secretary  of  the  Army,  through  the  Corps 
of  Engineers,  to  initiate  a  program  of  inspection  of  dams 
throughout  the  United  States. 

b.  Purpose.  The  purpose  of  the  inspection  is  to 
determine  if  the  dam  constitutes  a  hazard  to  human  life  or 
property. 


1. 2  Description  of  Project. 

a.  Dam  and  Appurtenances.  Green  Hills  Dam  is  an 
approximately  18  foot  high  earthen  embankment  across  Allegheny 
Creek.  The  570  foot  long  dam  impounds  an  estimated  270  acre- 
foot  reservoir  within  a  14.5  square  mile  drainage  basin.  The 
original  design  drawings  indicate  that  the  embankment  materi¬ 
als  are  sand,  loam  and  gravel  to  be  graded  from  coarse  at  the 
surface  to  fine  along  a  central  core  wall.  The  concrete  core 
wall  was  designed  to  be  18  inches  thick  and  to  extend  from  the 
rock  at  elevations  ranging  from  about  272  to  278  (Plate  2A, 
Appendix  E)  to  within  1*3  feet  of  the  design  crest  elevation. 
A  sand  and  clay  puddle  wall  was  to  be  placed  upstream  of  the 
concrete  core  wall  from  its  foundation  to  the  approximate 
original  ground  surface.  Plate  2,  Appendix  E,  indicates  that 
the  left  abutment,  consisting  of  a  sandstone  outcrop,  was  to 
be  pressure  grouted  on  eight  foot  centers.  There  is  no  other 
documentation  available  regarding  grouting.  The  upstream 
design  slope  was  2H:1V,  and  the  embankment  was  protected  with 
rubble  paving  at  the  waterline.  The  crest  was  designed  with  a 
ten  foot  width  at  elevation  302.3,  and  the  downstream  design 
slope  was  also  2H:1V. 

A  160  foot  long  weir  is  located  at  the  right  end  of 
the  dam.  The  height  of  the  weir  above  the  downstream  apron 
ranges  from  about  five  feet  at  the  right  end  to  13  feet  at  the 
left  end,  partially  conforming  to  the  rock  line  of  the 
foundation.  The  spillway  is  shown  in  Photograph  1.  The 
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elevation  of  the  weir  is  297,  and  the  elevation  of  the  top  of 
the  spillway  walls  is  about  302.5.  The  spillway  discharges 
into  an  excavated  channel  which  joins  the  original  stream  450 
feet  downstream  of  the  spillway. 

Outlet  works  consist  of  an  eight  inch  cast  iron  pipe 
and  a  36  inch  steel  pipe  through  the  spillway  at  the  left  end, 
as  shown  in  Photograph  2.  Photograph  8  shows  an  empty  bracket 
above  the  upstream  end  of  the  outlet  works. 

b.  Location.  The  dam  is  located  approximately  three 
miles  south  of  the  intersection  of  Interstate  Route  176  and 
O.S.  Route  422,  in  Robeson  Township,  Berks  County,  Pennsyl¬ 
vania.  The  dam  site  and  reservoir  are  shown  on  USGS 
Quadrangle  entitled  "Reading,  Pennsylvania"  at  coordinates  N 
40°  15.7'  W  75°  54.4'.  A  regional  location  plan  is  enclosed 
as  Plate  1,  Appendix  E. 

c.  Size  Classification.  The  dam  is  classified  as  a 
"Small"  size  structure  by  virtue  of  its  18  foot  height  and  its 
estimated  270  acre-foot  total  storage  capacity. 

d.  gazard  Classification.  A  "High"  hazard  classifica¬ 
tion  is  assigned  consistent  with  the  potential  for  extensive 
property  damage  and  possible  loss  of  life  along  the  Allegheny 
Creek  between  the  dam  and  the  Schuylkill  River,  about  3.3 
miles  downstream. 

e.  Ownership.  The  dam  is  owned  by  Mr.  Charles  E. 
Satterthwait.  All  correspondence  should  be  addressed  to  Mr. 
Satterthwait  at  Post  Office  Box  1126,  R.D.  #1,  Mohnton, 
Pennsylvania  19540. 

f.  Purpose  of  Dam.  The  dam  is  used  for  recreational 
purposes. 

g.  Design  and  Construction  History.  The  design  draw¬ 
ings  for  Green  Hills  Dam  are  dated  1928  and  were  revised  in 
1929.  It  is  believed  the  dam  was  constructed  shortly 
thereafter.  The  dam  was  designed  by  Earle  M.  Frankenhouser 
for  Benjamin  P.  Gates.  No  other  documentation  of  the 
construction  history  is  known  to  be  available. 

h.  Normal  Operating  Procedures.  Under  normal  oper¬ 
ating  procedures,  all  water  flows  over  the  spillway  at  the 
right  end  of  the  dam. 
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1.3  Pertinent  Data. 


A  summary  of  pertinent  data  for  Green  Hills  Dam  and 
reservoir  are  presented  as  follows. 


a.  Drainage  Area  (square  miles)  14.5 

b.  Discharge  at  Dam  Site  (cfs) 

Maximum  Spillway  Capacity 
(existing  conditions)  5,370 

(design  conditions)  6,654 

Maximum  Flood  1,030 

Minimum  Required  Flow  Unknown 

c.  Elevations  (feet  above  MSL)*1^ 

Top  of  Dam 

Minimum  Existing  Crest 
Elevation  301.5 

Design  Crest  Elevation  302.2 

Spillway  Weir  Crest  (normal 
pool)  297.0 

Outlet  Works  (36  inch  pipe) 

Upstream  Invert  Unknown 

Downstream  Invert  284.5 

Downstream  Bed  283. 4± 

d.  Reservoir  (feet) 

Length  at  Normal  Pool  2,000 

Length  at  Maximum  Pool  3,000 

Fetch  at  Normal  Pool  (est)  1,500 

e.  Storage  (acre-feet) 

Normal  Pool  (estimated)  104 

Top  of  Dam  (estimated)  240 

f.  Reservoir  Surface  (acres) 

Normal  Pool  24 


g.  Dam  Data 
Type 

Length 
Height 
Crest  Width 
Volume 
Side  Slopes 
Upstream  (design) 

Upstream  (existing,  above 
waterline) 


Earth  with  concrete 
core  wall 
570  feet 
18  feet 
12  feet 

19,000  cubic  yards 
2H:1V 
2. 25H: IV 


(1)  Spillway  crest  elevation  assumed  to  be  297  from  USGS  map. 
All  other  elevations  are  relative  to  this  elevation. 
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Downstream  (design) 
Downstream  (existing) 
Cutof  £ 

Grout  Curtain 


2H:1V 

1.  8H: IV  to  2. 8H: IV 
Concrete  core  wall 
to  rock 

Single  line  grout 
curtain  in  left  a- 
butment 


h.  Spillway 
Type 

Location 

Length 

Discharge  Channel 


i.  Outlet  works 
Type 


Upstream  invert 
Downstream  Invert 


Concrete  ogee  weir 
Right  abutment 
160  feet 

Excavated  channel 
which  rejoins  origi¬ 
nal  stream  450  feet 
downstream  of  spill¬ 
way 


36  inch  steel  pipe  & 
8  inch  CIP,  closed 
at  upstream  end 
Unknown 
284.5 


SECTION  2 
ENGINEERING  DATA 


2 . 1  Design. 

a.  Availability.  A  summary  of  the  engineering  data  is 
presented  on  the  checklist  attached  as  Appendix  B.  Principal 
documents  containing  pertinent  data  used  for  this  report  are 
limited  to  design  drawings  and  construction  specifications. 

b.  Design  Features.  A  plan  view  of  the  dam  and  a 
maximum  section  are  presented  in  Appendix  E.  A  summary  of  the 
design  features  is  included  in  Section  1.3. 


2.2  Construction. 

Nothing  is  known  concerning  construction  beyond  the 
date  of  the  design  drawings. 


2.3  Operational  Dr«-a. 

There  are  no  operational  records  maintained  for  this 

dam. 


2.4  Evaluation. 

a.  Availability.  All  information  presented  herein  was 
obtained  from  Department  of  Environmental  Resources  files  and 
supplemented  by  conversations  with  the  Owner. 

b.  Adequacy.  The  available  data  are  not  adequate  to 
evaluate  the  engineering  aspects  of  this  dam. 

c.  Validity.  There  is  no  reason  to  question  the 
validity  of  the  limited  available  data. 
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SECTION  3 
VISUAL  INSPECTION 


3 . 1  Find ings. 

a.  General.  The  observations  and  comments  of  the  field 
inspection  team  are  contained  in  the  checklist  enclosed  herein 
as  Appendix  A  and  are  summarized  and  evaluated  in  the 
following  subsections.  In  general,  the  appearance  of  the 
facilities  indicates  that  the  dam  is  currently  in  poor 
condition  and  not  well  maintained. 

b.  Dam.  The  vertical  alignment  of  the  dam  crest  was 
checked,  and  the  profile  is  shown  on  sheet  5B,  Appendix  A. 
Because  of  the  thick  vegetation  on  the  dam  crest,  the  vertical 
alignment  of  the  dam  was  estimated  by  a  hand  level,  using  the 
water  level  as  a  base.  The  crest  elevation  ranges  from  0.7  to 
0.9  feet  below  the  top  of  the  wall  elevation,  adjacent  to  the 
spillway,  and  apparently  the  original  design  elevation  of  the 
embankment.  The  upstream  slope  is  heavily  vegetated  with 
trees  and  brush  to  the  waterline,  as  shown  in  Photograph  4, 
and  appears  to  have  a  slope  of  2.25H:lV.  Evidence  of  the 
original  upstream  paving  was  noted  during  the  visual  inspec¬ 
tion.  The  crest,  which  measures  12  feet  wide,  is  also  densely 
covered  with  vegetation,  as  shown  in  Photograph  5.  The 
downstream  slope  measures  from  1.8  to  2.8H:1V,  and  is  shown  in 
Photograph  6. 

Waves  have  damaged  some  portions  of  the  upstream 
embankment.  Generally,  the  heavy  brush,  underbrush  and  tree 
growth  have  protected  the  slope  from  waves.  A  foot  traffic 
path  has  damaged  the  crest  and  slope  near  the  spillway.  All 
junctions  between  the  embankment  and  left  abutment  and  the 
right  abutment  and  spillway  appear  to  be  in  good  condition. 

Considerable  seepage  was  noted  at  the  left  end  of 
the  embankment  downstream  of  the  dam  at  the  location  of  the 
original  stream  channel;  see  Photograph  7.  Part  of  this 
seepage  may  be  attributed  to  hillside  seepage,  but  seepage 
either  under  or  through  the  dam  cannot  be  completely  dis¬ 
counted. 


c.  Appurtenant  Structures. 

1.  Spillway.  The  160  foot  long  spillway  is  at  the 
right  end  of  the  dam.  The  spillway  apron  follows  the  contour 
of  the  rock  foundation  where  the  top  of  rock  is  above  the 
13.26  feet  design  height  of  the  spillway.  Therefore,  the 
height  of  the  weir  above  the  downstream  apron  ranges  from  less 
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than  five  feet  at  the  right  end  of  the  spillway  to  about  13 
feet  at  the  left  end  of  the  spillway.  The  spillway  crest  was 
level  and  water  was  flowing  over  it  uniformly.  The  crest  of 
the  far  right  section  has  some  spalling.  All  exposed  concrete 
surfaces  are  rough.  The  right  spillway  wall  appears  in  good 
condition,  with  no  significant  cracking,  concrete  deteriora¬ 
tion  or  movement.  The  left  spillway  wall  appears  to  be  in  a 
stable  condition.  However,  in  three  locations,  one  downstream 
and  two  upstream  of  the  weir,  vertical  cracks  through  the  wall 
extend  from  the  top  to  below  water  level  or  the  floor.  The 
downstream  end  of  the  wall  is  deteriorating,  as  shown  in 
Photograph  11.  Concrete  is  spalling  off  the  top  of  the  wall, 
and  apparently  has  been  repaired  once  in  the  past  at  that 
location;  see  Photograph  9. 

2.  Outlet  Works.  Outlet  works  consist  of  an  eight 
inch  cast  iron  pipe  and  a  36  inch  diameter  steel  pipe  through 
the  base  of  the  weir  adjacent  to  the  left  spillway  wall,  as 
shown  in  Photograph  2.  Both  pipes  are  closed  at  the  upstream 
end  and  appeared  dry  at  the  time  of  inspection,  what  appears 
to  be  a  valve  stem  can  be  seen  underwater  upstream  of  the 
weir.  An  empty  bracket,  attached  to  the  left  spillway  wall, 
appears  to  be  above  the  upstream  end  of  the  eight  inch  pipe. 
The  Owner  reported  that  the  valve  controlling  the  36  inch 
conduit  is  operable,  but  did  not  know  when  it  was  last 
operated. 


d.  -Reservoir.  Reservoir  side  slopes  are  flat  to 
moderate  and  vegetated  with  trees,  grass  and  brush  to  the 
water’s  edge.  There  is  a  considerable  amount  of  sediment 
being  deposited  at  the  upper  end  of  the  reservoir.  The  1956 
USGS  map  indicates  a  reservoir  surface  area  of  28.5  acres. 
The  Owner  reported  that  construction  of  Interstate  176 
resulted  in  sediment  accumulation  at  the  upper  end  of  the 
reservoir.  Brush  is  growing  in  the  sediment  deposit  areas. 
The  original  normal  pool  surface  area  was  estimated  to  be  31.5 
acres.  Reservoir  surface  area  as  measured  from  current  USGS 
maps  is  24.9  acres. 

e.  Downstream  Channel.  The  downstream  channel  appears 
to  be  in  good  condition.  The  channel  is  approximately  40  feet 
wide  with  low  banks,  as  shown  in  Photograph  3.  The  floodplain 
is  fairly  wide  below  the  dam  with  thick  underbrush.  Bank 
undercutting  is  occurring  on  the  outside  bends,  generally 
stopped  by  rock.  Large  trees  are  lying  in  the  channel. 

A  campsite,  shown  in  Photograph  12,  is  located  on 
the  floodplain  and  would  be  destroyed  in  the  event  of  large 
flows  in  Allegheny  Creek.  The  first  downstream  house  which 
may  experience  some  damage  in  the  event  of  failure  is  about 
2,000  feet  below  the  dam.  About  3,400  feet  downstream  of  the 
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dam  is  a  house  built  in  the  floodplain  about  three  feet  above 
the  stream,  which  would  experience  significantly  more  damage. 
There  are  several  more  houses  in  the  next  1.4  miles  which 
would  experience  varying  degrees  of  damage.  At  that  point, 
the  valley  narrows  and  there  are  3  to  5  houses  which  would  be 
severely  deunaged  in  the  event  of  failure  or  high  flows  in 
Allegheny  Creek.  About  3.3  miles  below  the  dam,  Allegheny 
Creek  enters  the  Schuylkill  River. 


3.2  Evaluation. 

In  summary,  the  visual  survey  of  the  dam  disclosed 
no  evidence  of  incipient  failure,  but  the  condition  of  the 
embankment  is  judged  as  poor,  because  of  the  extensive 
vegetation  on  all  exposed  portions  of  the  embankment  and 
because  the  crest  of  the  dam  is  significantly  below  design 
elevation.  Seepage  noted  at  the  left  end  of  the  embankment  is 
assessed  to  represent  a  stable  condition. 

The  concrete  spillway  weir  and  right  spillway  wall 
are  judged  to  be  in  good  condition.  However,  the  left 
spillway  wall  is  considered  to  be  in  poor  condition,  with 
cracks  and  deteriorating  concrete.  It  is  concluded  that  the 
left  spillway  wall  should  be  evaluated  by  a  structural 
engineer  to  assess  the  need  for  repairs. 


SECTION  4 

OPERATIONAL  PROCEDURES 


4 . 1  Procedures. 

Normal  conditions  do  not  require  a  dam  tender.  All 
flow  is  discharged  over  the  spillway,  and  the  outlet  pipes  are 
normally  closed.  It  is  unknown  if  a  minimum  downstream  flow 
is  required. 


4.2  Maintenance  of  the  Dam. 

There  is  no  evidence  of  routine  maintenance  of  this 
structure.  The  embankment  is  covered  with  thick  underbrush 
and  trees  up  to  10  and  12  inches  in  diameter,  and  the  crest  is 
uneven. 


4.3  Maintenance  of  Operating  Facilities. 

Similar  to  dam  maintenance,  there  is  no  evidence 
indicating  routine  maintenance  of  the  operating  facilities. 
There  is  no  evidence  that  the  valves  are  operational. 


4.4  Warning  Systems  In  Effect. 

There  are  no  formal  warning  systems  or  procedures 
established  to  be  followed  during  periods  of  exceedingly  heavy 
rainfall. 


4.5  Evaluation. 

It  is  judged  that  the  current  operating  procedure, 
which  does  not  require  a  dam  tender,  is  a  realistic  means  of 
operating  the  relatively  simple  control  facilities  of  Green 
Hills  Dam. 


In  conclusion,  it  is  noted  that  formal  operational, 
maintenance  and  warning  procedures  should  be  developed  and 
implemented.  It  should  be  noted  that  these  procedures  should 
include  an  inspection  checklist,  which  would  include  a  listing 
of  items  to  be  checked  during  each  inspection  and  repaired  as 
necessary  to  insure  proper  performance  of  the  structure. 
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SECTION  5 

HYDROLOGY/HYDRAULICS 


5. 1  Evaluation  of  Features. 


a.  Des ign/Evaluation  Data.  There  are  no  original 
design  data  or  subsequent  evaluation  data  available  for  review 
for  this  dam.  Hydrologic  and  hydraulic  evaluations  made  as  a 
part  of  this  investigation  are  contained  in  Appendix  D. 

The  watershed  is  about  5.3  miles  long  and  ranges 
from  1  to  3.5  miles  wide,  having  a  total  area  of  14.5  square 
miles.  Elevations  range  from  a  high  of  998  in  the  upper 
reaches  to  297  at  normal  pool  elevation.  The  watershed  is 
between  40  and  50  percent  wooded,  with  the  rest  predominantly 
open/farmland.  Less  than  ten  percent  of  the  area  of  the 
watershed  contains  residential  development.  Residential 
development  can  be  expected  to  continue  slowly  throughout  the 
watershed. 


In  accordance  with  criteria  established  by  Federal 
(OCE)  Guidelines,  the  recommended  spillway  design  flood  for 
this  "Small”  size  dam  and  "High”  hazard  potential  classifi¬ 
cation  is  one-half  to  the  full  PMF  (Probable  Maximum  Flood). 
Because  of  the  small  estimated  capacity  of  the  reservoir  and 
the  scattered  development  along  the  creek,  the  selected 
spillway  design  flood  is  one-half  the  PMF. 

b.  Experience  Data.  No  reservoir  level  records  are 
maintained.  The  maximum  known  reservoir  level  is  reported  to 
be  18  inches  above  the  spillway,  during  Hurricane  Agnes,  June 
1972,  corresponding  to  a  peak  spillway  discharge  of  1,030  cfs. 

c.  Visual  Observations.  On  the  date  of  the  inspection, 
there  were  no  conditions  observed  that  might  indicate  a 
possible  reduction  in  spillway  capacity  during  an  extreme 
event.  Other  observations  regarding  the  condition  of  the 
downstream  channel,  spillway  and  reservoir  are  presented  in 
Appendix  A,  and  are  discussed  in  greater  detail  in  Section  3. 

d.  Overtopping  Potential.  The  overtopping  potential 
of  this  dam  was  estimated  using  the  "HEC-1,  Dam  Safety 
Version",  computer  program.  A  brief  description  of  the 
program  is  included  in  Appendix  D.  Calculations  indicate  that 
the  maximum  spillway  capacity  is  about  5,370  cfs  when  the 
reservoir  level  is  at  the  minimum  embankment  crest  elevation. 
The  HEC-1  computed  peak  PMF  inflow  is  about  19,100  cfs.  The 
one-half  PMF  inflow  is  about  9,550  cfs.  The  spillway  passes 
about  28  percent  of  the  PMF  without  overtopping  the  dam  under 
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existing  conditions.  If  the  crest  of  the  embankment  was 
raised  to  the  design  elevation,  the  dam  would  be  capable  of 
discharging  about  35  percent  of  the  PMF  without  overtopping 
the  dam. 


e.  Spillway  Adequacy.  The  spillway  is  rated  as 
"Inadequate"  but  not  "Seriously  Inadequate"  if  some  but  not 
all  of  the  following  criteria  are  met: 

1.  The  spillway  will  not  pass  0.5  PMF  without  overtop¬ 
ping  the  dam. 

2.  Overtopping  by  0.5  PMF  will  cause  dam  failure. 

3.  There  will  be  a  significant  increase  in  property 

damage  and  potential  for  loss  of  life  as  a  result  of 
failure  by  overtopping. 

The  overtopping  potential  is  discussed  in  the  above 
paragraph.  The  embankment  is  assessed  to  fail  if  overtopped 
by  one-half  foot  for  more  than  one  hour.  The  increase  in 

hazard  is  discussed  in  the  following  paragraph. 

f.  Downstream  Conditions.  About  1,300  feet  below  the 

dam,  located  on  the  flood  plain,  is  what  appears  to  be  a 

campsite  consisting  of  a  truck  trailer  and  a  permanent 

pavilion.  The  site  would  be  flooded  in  the  event  of  large 
flows  in  the  stream,  and  would  not  be  expected  to  be  occupied 
during  any  significant  rainstorm.  About  3,400  feet  downstream 
of  the  dam  is  the  first  major  damage  center,  where  a  house  is 
located  about  three  feet  above  the  stream  elevation.  Failure 
during  0.4  PMF  is  estimated  to  increase  the  depth  of  flow  by 
about  0.9  foot.  There  are  several  houses  in  the  next  1.4 
miles  where,  as  shown  on  Plate  1,  the  valley  narrows.  There 
are  three  to  five  more  houses  below  this  point  which  would  be 
damaged  in  the  event  of  dam  failure  or  high  flows  in  the 
creek.  Flow  in  Allegheny  Creek  during  the  0.4  PMF  is 
estimated  to  partially  flood  the  lowest  level  of  two  of  the 
houses,  and  failure  during  0.4  PMF  is  estimated  to  increase 
the  maximum  stage  by  about  0.5  foot.  It  is  not  estimated  that 
failure  during  passage  of  0.4  PMF  would  significantly  increase 
the  downstream  damage.  Therefore,  an  "Inadequate"  spillway 
classification  is  warranted. 
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SECTION  6 

STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability. 

a.  Visual  Observations.  Visual  observations  indicated 
no  evidence  of  existing  of  pending  embankment  or  spillway 
instability  other  than  that  which  would  result  from  overtop¬ 
ping  or  possibly  from  decaying  root  masses.  The  upstream 
slope  above  the  waterline,  the  crest  and  the  downstream  slope 
are  covered  with  heavy  underbrush  and  trees  up  to  10  to  12 
inches  in  diameter.  The  embankment  is  considered  to  be  in 
poor  condition  because  of  this  vegetative  cover. 

The  concrete  weir  and  right  spillway  retaining  wall 
are  considered  to  be  in  good  condition.  The  left  spillway 
retaining  wall  is  considered  to  be  in  poor  condition,  with 
deteriorating  concrete  both  at  the  downstream  toe  of  the  wall 
and  on  the  upstream  top  of  the  wall.  Also,  a  vertical  crack 
extends  completely  through  the  concrete  from  the  top  to  below 
the  water  level  on  the  upstream  side  of  the  wall,  and  two 
other  major  cracks  were  observed.  The  left  spillway  wall 
appears  to  be  in  a  stable  condition,  however.  Therefore,  the 
entire  spillway  is  assessed  to  be  in  fair  condition.  The 
spillway  discharges  into  the  relocated  stream  channel  immedi¬ 
ately  below  the  spillway  apron.  The  relocated  channel  has 
taken  on  the  characteristics  of  a  natural  stream,  with  bank 
undercutting  and  meandering,  and  is  considered  to  be  in  good 
cond ition. 


Seepage  noted  at  the  left  end  of  the  dam  is  assessed 
to  be  in  a  stable  condition.  Although  seepage  under  or 
through  the  embankment  cannot  be  ruled  out,  it  is  judged  that 
at  least  a  considerable  portion  of  the  seepage  is  a  result  of 
hillside  seepage. 

b.  Design  and  Construction  Data.  No  design  or  con¬ 
struction  data  are  known  to  exist,  other  than  the  plans  and 
specifications.  All  data  concerning  physical  features  of  the 
dam  were  obtained  from  the  original  design  drawings  and 
supplemented  by  visual  observations. 

c.  Operating  Procedures.  No  operating  procedures 
currently  exist. 

d.  Post-Construction  Changes.  There  have  been  no 
records  nor  Is  there  any  evidence  of  any  post-construction 
changes  made  to  this  dam  or  its  appurtenances. 
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e.  Embankment  Stability.  There  were  no  embankment 
stability  evaluations  located  in  the  files.  Based  on  the 
visual  observation,  the  dam  appears  to  be  stable  at  the 
present  time,  provided  overtopping  does  not  occur  and  seepage 
does  not  occur  in  the  future  due  to  decaying  tree  roots. 

f.  Seismic  Stability.  The  dam  is  located  in  Seismic 
Zone  1.  Normally  it  can  be  considered  that  if  a  dam  in  this 
zone  is  stable  under  static  loading  conditions,  it  can  be 
assumed  safe  for  any  expected  earthquake  conditions.  Since 
the  dam  is  qualitatively  assessed  to  be  stable  at  the  present 
time  under  static  loading  conditions,  it  can  also  reasonably 
be  considered  to  be  stable  under  seismic  loading  conditions. 
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SECTION  7 

ASSESSMENT/REMEDIAL  MEASURES 


7.1  Dam  Assessment. 

a.  Evaluation.  Visual  inspection  indicates  that  the 
embankment  of  Green  Hills  Dam  is  in  poor  condition,  and  the 
spillway  structure  is  in  fair  condition.  The  overall  rating 
of  the  dam  is  considered  to  be  poor. 

In  accordance  with  criteria  established  by  Federal 
(OCE)  Guidelines,  the  recommended  spillway  design  flood  for 
this  "Small"  size  dam  and  "High"  hazard  potential  classifi¬ 
cation  is  one-half  to  the  full  Probable  Maximum  Flood  (PMF). 
Because  of  the  small  estimated  capacity  of  the  reservoir  and 
the  scattered  development  along  the  creek,  the  selected 
spillway  design  flood  is  one-half  the  PMF. 

Hydrologic  and  hydraulic  computations  presented  in 
Appendix  D  indicate  that  the  spillway  structure  is  capable  of 
discharging  about  28  percent  of  the  PMF  without  overtopping 
the  dam  under  existing  conditions.  If  the  crest  of  the 
embankment  was  raised  to  the  original  design  elevation,  the 
dam  would  be  capable  of  discharging  about  35  percent  of  the 
PMF  without  overtopping.  Although  one-half  the  PMF  is 
estimated  to  cause  failure  of  the  embankment  by  overtopping, 
the  increase  in  downstream  hazard  potential  is  not  considered 
significant.  Therefore,  the  structure  is  considered  to  have 
an  "Inadequate”  but  not  "Seriously  Inadequate"  spillway. 

b.  Adequacy  of  Information.  The  combined  visual 
inspection  and  simplified  calculations  presented  in  Appendix  D 
were  sufficient  to  indicate  that  further  investigations  are 
required  for  this  structure. 

c.  Urgency.  It  is  recommended  that  the  measures 
presented  in  Section  7.2  be  implemented  as  specified. 


7.2  Remedial  Measures. 


a.  Facilities.  It  is  recommended  that  the  following 
measures  be  undertaken  immediately.  All  work  should  be 
performed  under  the  supervision  of  a  registered  professional 
engineer  experienced  in  the  design  and  construction  of  dams. 
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1.  A  hydrologic/hydraulic  study  should  be  made  to 
determine  the  best  method  of  increasing  the  spillway 
capacity  to  meet  current  hydrologic/hydraulic  cri¬ 
teria. 

2.  All  trees  on  both  the  upstream  and  downstream  slopes 
of  the  embankment  should  be  removed.  However/  the 
long-term  stability  of  the  slope  should  be  evaluated 
in  the  light  of  decaying  root  systems. 

3.  The  crest  elevation  should  be  increased  to  meet  the 
original  design  elevation. 

4.  The  left  spillway  retaining  wall  should  be  evaluated 
and  repaired. 

5.  The  controls  for  the  8  and  36  inch  conduits  should 
be  made  operational. 

6.  The  seepage  noted  downstream  of  the  embankment 
should  be  monitored  on  a  regular  basis.  Any 
significant  increase  in  seepage  amount  or  develop¬ 
ment  of  turbidity  should  be  evaluated  by  a  regis¬ 
tered  professional  engineer  experienced  in  the 
design  and  construction  of  dams. 

b.  Operation  and  Maintenance  Procedures.  Because  of 
the  location  of  the  dam  and  the  potential  for  heavy  property 
damage  and  possible  loss  of  life  in  the  event  of  high  flows  or 
failure,  a  formal  procedure  of  observation  and  warning  during 
periods  of  high  precipitation  should  be  developed  and  imple¬ 
mented  for  this  facility.  This  procedure  should  include  a 
method  of  warning  downstream  residents  that  high  flows  are  to 
be  expected.  In  addition,  an  operation  and  maintenance 
procedure  should  also  be  developed  to  insure  that  all 
pertinent  items  are  carefully  inspected  on  a  regular  basis  and 
maintained  in  the  best  possible  condition. 
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DETERIORATING  CONCRETE  OF  LEFT  SPILLWAY 
WALL,  LOCATED  ABOVE  BRACKET  SHOWN  IN 
PHOTOGRAPH  NO.  8. 
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MINOR  SPALLING  OF  SPILLWAY  CREST 
NEAR  RIGHT  WALL. 


DETERIORATING  CONCRETE  AT  DOWNSTREAM  END 
OF  LEFT  SPILLWAY  WALL. 
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GREED  HILLS  DAM 

CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 

DRAINAGE  AREA  CHARACTERISTICS:  _  50%  wooded ,  about  10%  residential  development. 
ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  297a 7  feet  (104  Acre-Feet  get.;. 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  20^5  feet  (241  Acre-Feet  eat.. 

ELEVATION  MAXIMUM  DESIGN  fcPOOL:  _ 2211 _ 

ELEVATION  TOP  DAM:  _ 201.5  feet. _ 

SPILLWAY 

a.  Elevation _ g 31 _ 

b.  Type  Concrete  weir. 

c.  Width  _ I go  feet. _ 

d.  Length - - - 

e.  Location  Spillover  _ Right  abutment. _ 

f.  Number  and  Type  of  Gates  _ None _ 

OUTLET  WORKS: 


a. 

Type  36  inch  steel  and  8  inch  Cl  conduits. 

b. 

Location 

Through  weir  near  left  spillway  wall. 

c. 

Entrance  inverts 

Unknown. 

d. 

Exit  inverts 

284.5  feet. 

e. 

Emergency  draindown 

facilities  The  outlet  works . 

HYDROMETEOROLOGICAL  GAGES: 

a. 

Type  _  _  . 

None. 

b. 

Location 

— 

c.  Records  _ _ _ — _ 

Not  determined. 


MAXIMUM  NON- DAMAGING  DISCHARGE: 


GREEN  HILLS  DAM 

HYDROLOGIC  AND  HYDRAULIC 
BASE  DATA 
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DRAINAGE  AREA:^)  24.6  square  miles. 

PROBABLE  MAXIMUM  PRECIPITATION  (PMP) 

FOR  10  SQ.  MILES  IN  24  HOURS: l2J 

2 3. 2  inches 

ADJUSTMENT  FACTORS  FOR  DRAINAGE  AREA  (*):(3) 


Zone 

6 

6  Hours 

108  X 

12  Hours 

118  % 

24  Hours 

127  % 

48  Hours 

138  % 

SNYDER  HYDROGRAPH  PARAMETERS: ^ 

Zone 

6 

Cp»  Ct 

0.40,  1.35 

L(5) 

7.  67  miles 

Lea  <6> 

3.27  miles 

tp*Cf  (L  Lea)0*1 2 3 4 5 6 7 

3.55 

SPILLWAY  CAPACITY  AT  MAXIMUM 

WATER  LEVEL (7) 

5370  cfs. 

(1)  Measured  from  USGS  maps. 

(2)  Hydrometerologlcal  Report  No.  33,  Figure  1. 

(3)  Hydrometerologlcal  Report  No.  33,  Figure  2. 

(4)  Information  received  from  Corps  of  Engineers,  Baltimore  District. 

(5)  Length  of  longest  water  course  from  outlet  to  basin  divide,  measured 

from  USGS  maps. 

(6)  Length  of  water  course  from  outlet  to  point  opposite  the  centroid  of 

drainage  area,  (see  Plate  1,  Appendix  E)  measured  from  USGS  maps. 

(7)  See  Sheet  J^J&f  this  Appendix. 
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HEC-1 ,  REVISED 
FLOOD  HYliROGRA^li  PACKAGE 


The  original  "Flood  Hydrograph  Package"  (HEC-1) , 
developed  by  the  Hydrologic  Engineering  Center,  Corps  of 
Engineers,  has  been  modified  for  use  under  the  National  Dam 
Inspection  Program.  The  "Flood  Hydrograph  Package  (HEC-1) , 
Dam  Safety  Version”,  hereinafter  referred  to  as,  HEC-1,  Rev., 
has  been  modified  to  require  less  detailed  input  and  to 
include  a  dam  breach  analysis.  The  required  input  is  obtained 
from  the  field  inspection  of  a  dam,  any  available  design/eval¬ 
uation  data,  relatively  simple  hydraulic  calculations,  or 
information  from  the  USGS  Quandrangle  maps.  The  input  format 
is  flexible  in  order  to  reflect  any  unique  characteristics  of 
an  individual  dam. 

HEC-1,  Rev.  computes  a  reservoir  inflow  hydrograph 
based  on  individual  watershed  characteristics  such  as:  area, 
percentage  of  impervious  surface  area,  watershed  shape,  and 
hydrograph  characteristics  determined  from  regional  correla¬ 
tion  studies  by  the  Corps  of  Engineers,  Baltimore  District. 
The  inflow  is  routed  through  the  reservoir  using  spillway 
discharge  data  obtained  from  the  field  inspection  or  design 
data.  Flood  storage  capacity  is  determined  from  USGS  maps  or 
design  information  and  verified  by  the  field  inspection.  In 
the  event  a  spillway  cannot  discharge  O.S  PMF  without 
overtopping  and  failure  of  the  dam,  downstream  channel 
characteristics  obtained  from  the  field  inspection  and  USGS 
maps  are  inputed  and  flows  are  routed  downstream  to  the  damage 
center  and  a  dam  breach  analysis  is  performed. 

Included  in  this  Appendix  are  the  HEC-1,  Rev. 
pertinent  input  values  and  a  summary  print-out  tables. 
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PLATE  3 


SITE  GEOLOGY 
GREEN  HILLS  DAM 


Green  Hills  Dam  is  located  within  the  Triassic 
Lowlands  Section  of  the  Piedmont  Physiographic  Province.  As 
shown  in  Plate  P-1,  the  dam  is  founded  upon  the  Triassic  age 
Hammer  Creek  Formation  consisting  of  conglomerate  and  shale. 
Well  exposed  red-brown  interbeds  of  shale,  sandstone  and 
conglomerate  occur  at  the  right  abutment  area. 

Bedding  strikes  north-northeast  and  dips  20  degrees 
to  the  northwest  (upstream  direction).  A  major  set  of  joints 
strikes  north-northwest  and  dips  near  vertical.  The  upstream 
dip  of  bedding  and  the  high  angle  joint  orientation  are 
favorable  conditions  for  minimizing  seepage.  The  seepage 
observed  downstream  of  the  left  abutment  area  may  be  a  result 
of  a  combination  of  shallow  bedrock  and  surface  runoff. 


